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Abstract 
The EFdeN Project is a research and educational project which has represented Romania at Solar Decathlon Europe 2014 from 
Versailles, France. The team has consisted of more than 60 students and university researchers from several Romanian 
universities. The competition involves the participation in ten other sub-contests: architecture, engineering, energy efficiency, 
electrical energy balance, comfort conditions, house functioning, communication and social awareness, urbanism, innovation and 
sustainability. In order to obtain the highest score on energy efficiency, electrical energy balance, comfort conditions, innovation 
and sustainability sub-contests, the EFdeN Project proposed the implementation of several active and passive strategies. These 
performant and innovative strategies were designed in order to obtain the perfect indoor conditions with minimum energy 
consumption. One of the most innovative solutions implemented in the EFdeN prothotype was the integration of phase changing 
materials (PCM) in the building walls. It was determined, by using dynamic simulations, that the impact of PCM type M27/Q23 
on the energy reduction for cooling is around 16.72%, while for the heating is negligible. This material has a latent heat storage 
value of 85 Wh/m2 and a phase change temperature of 23°C. We have conducted other tests with different PCM materials and the 
best one was found to be the PCM type M182/Q23, with a latent heat storage of 574 Wh/m2 and which had a great impact on the 
energy reduction: cooling 48% and heating 11%. The energy reduction for different types and amounts of PCM can greatly vary 
for an energy positive house based on variable scenarios (occupancy, ventilation rate, internal gains and temperatures set-points). 
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1. Introduction 
Reducing energy consumption, eliminating wastage, reducing CO2 emissions are among the main goals of the 
European Union (EU) until 2020. Therefore, it is very important that each Member State of the European Union to 
support the development of energy efficient buildings (Nearly Zero Energy Building - nZEB, Net Zero Energy 
Building – NZEB, Energy plus building etc.) [1]. 
The EFdeN Project [2, 3] is a research and educational project which represented Romania at Solar Decathlon Europe 
2014 from Versailles, France. The EFdeN prototype is currently assembled in the Faculty of Engineering for Building 
Services courtyard and it will be the first Research Center for Indoor Comfort Conditions from Romania and the first 
fully certified Living Building Challenge house from Europe. One of the most innovative solutions implemented in the 
EFdeN prothotype was the integration of phase changing materials in the building walls. These materials are widely used 
in Europe and United States of America, but in Romania these materials are having a hard entry on the energy efficiency 
solutions market, therefore, this solution is innovative both in the local and external context [4]. 
In the study realized by Teodosiu et al. [5] it is emphasized the influence of PCM’s implemented in the buildings 
with low thermal inertia, depending on the amount of the material used. It was observed that if the building has low 
thermal mass and if the amount of PCM’s is higher, the energy consumptions are lower. Similar conclusions were 
found from other multiple references [6-8, 10-14]. 
In another study conducted by Heier et al. [9] was necessary to use external shadings and night ventilation for 
PCM’s to operate properly. The same principles were also used in the present study.  Also it can be noticed that the 
interior temperature is lower when using PCM's and because of the additional thermal mass, the energy remains 
stored longer time. 
The main objectives of the present paper are: 
x highlighting the energy properties of phase changing materials; 
x analysis of the impact on energy consumption in case of implementation of phase changing materials in an 
energy-efficient building (EFdeN case study); 
x analysis of the impact on the temperature and thermal loads variations in a room where are implemented phase 
changing materials (EFdeN case study). 
In this paper will be highlighted at a time: architectural and energetic features of EFdeN Project, the analysis of 
the energy consumptions of the building (in the dynamic simulation software DesignBuilder), analysis of the 
temperature and thermal loads variations of the rooms (in the dynamic simulation software DesignBuilder) and 
conclusions based on the analyzes conducted. 
2. The implementation of Phase Changing Materials in EFdeN prototype 
2.1.  The architectural features and the solutions implemented in EFdeN project 
Figure 1 presents the EFdeN prototype ground floor and first floor plans. The building data are shown in Table 1. 
The building consists of two floors, with floor height of 2.5m, with the following destinations: residential building 
and exhibition pavilion:  
a) Ground floor: platform, ramp, terrace, windfang 4.3 m2, entrance hall 4.8 m2, toilet 2.5 m2, technical room 
(electrical systems) 3.1 m2, kitchen 20.75 m2, living room 25.5 m2, greenhouse 9.95 m2, staircase 4.3 m2;  
b) First floor: lobby 8.6 m2, master bedroom 18 m2, children bedroom 13.3 m2, toilet 3.1 m2, lobby 2.65 m2,  
technical room (HVAC and sanitary systems) 7.4 m2. 
        Table 1. Buildings data 
Footprint [m2] 
Net surface area 
[m2] 
Built surface area 
[m2] 
Heated area [m2] 
Conditioned volume 
[m3] 
Total volume 
[m3] 
96 133 170 118 200 400 
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Fig. 1. Ground floor and first floor – EFdeN prototype 
The thermal properties of the main construction elements are presented in Table 2. The active strategies used in the 
EFdeN prototype are represented by an ensemble consisting of the following elements: air-water heat pump (maximal 
COP of 4.02) for heating, cooling and hot water; vacuum tube collectors (for hot water and heating); cold water tank; 
heating water tank; hot water tank; heating/cooling coil; radiant panels (radiant heating and cooling in ceiling and walls); 
heat recovery unit (maximum efficiency above 90%) for the fresh air treatment; BMS automation system. The passive 
strategies implemented in the EFdeN project are the house form (cubic); orientation (generous glass areas on the 
southern parts); the use of natural and night ventilation; fresh air introduction from the greenhouse (especially in the 
transition periods); the use of thermal mass surfaces (granite located in areas where sun radiation penetrates the 
building); thermal buffers; ventilated ceramic facade; outdoor shadings and the use of Phase Changing Materials (PCM). 
Because of the use of the passive and active strategies, the EFdeN prototype is an active house (energy plus house), that 
produces more energy than it consumes annually and also possesses the characteristics of a passive house. 
Table 2. Thermotehnical characteristics of the EFdeN project 
The name of the 
construction element 
Main layers 
Surface area 
[m2] 
U 
[W/m2K] 
Exterior wall 
Ceramic panels 3mm, Air layer 6cm (ventilated facade), OSB 
panel 12mm, Mineral wool 25cm (0.036 W/mK), OSB panel 
12mm, Mineral wool 10cm (0.036 W/mK), Gypsum 
plasterboard/PCM panel/Radiant panel 2.5cm 
165 0,129 
Interior wall 
Gypsum plasterboard/PCM panel/Radiant panel 2.5cm, Mineral 
wool 15cm (0.036 W/mK), Gypsum plasterboard/PCM 
panel/Radiant panel 2.5cm 
45 0,39 
Terrace 
Waterproof layer 3mm, Stone wool 5-15cm, OSB panel 12mm, 
Mineral wool 25cm (0.036 W/mK), OSB panel 12mm, Gypsum 
plasterboard/Radiant panel 2.5cm 
64.5 0,121 
Floor above ground 
OSB panel 12mm, Mineral wool 25cm (0.036 W/mK), OSB 
panel 12mm, Parquet + Cork/Granite 3cm 
64.5 0,124 
2.2. Phase Changing Materials used in EFdeN project 
The phase changing materials are implemented in the prototype in microcapsules embedded in gypsum plasterboards. 
These substances are changing their phase from solid to liquid at temperatures higher than 23°. The phase changing will 
determine the extraction of latent heat necessary for the process, from the interior air, which will cool the interior space 
without any energy consumption. This process occurs mainly in summer, during the day. At night time, the process is 
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reversible and the heat embodied in the PCM panels during the day is released to the indoor environment. During winter, 
these materials act as thermal mass and they have the ability to incorporate up to 14 times more energy than conventional 
materials. Table 3 shows the main characteristics of the PCM panels used in EFdeN project.  
        Table 3. PCM panels characteristics 
Phase changing 
temperature 
The latent heat 
storage 
Dimensions [lxLxh] Weight Specific heat 
23 oC 83 Wh/mp 500x1000x25 mm 25 kg/m2 28.3 kJ/m2K 
The PCM surface implemented within the prototype is about 150 m2 (on the interior surface of the exterior walls 
and on the interior walls), representing approximately 71% of the total area of the walls. The remaining walls are 
having radiant panels and gypsum plasterboards. Figure 2 illustrates the position of the PCM inside the house. 
 
Fig. 2. The location of Phase Changing Materials in EFdeN project 
2.3. Numerical analysis of the implementation of phase changing materials in EFdeN prototype 
The analysis of the implementation of phase changing materials in EFdeN prototype was made using a dynamic 
simulation program, DesignBuilder, for the city of Bucharest. In this program were introduced, one by one, all of the 
building properties presented in Chapter 2.1 of this paper. The DesignBuilder simulation program includes a number 
of predefined materials that can be used from its own database. The equivalent material for the solution used in the 
EFdeN prototype is BioPCM M27/Q23 from DesignBuilder database (with the phase changing temperature of 23 °C 
and the latent heat storage 27Btu/ft2 = 27∙3.15 Wh/m2 = 85 Wh/m2). 
Figure 3 presents the variation of the summer cooling loads during a day from the typical summer week, with and 
without phase changing materials. Using PCM, the peak loads are ameliorated and the variations are smaller. 
Furthermore the thermal loads are lower when using PCM’s. It can be observed that in the morning it is needed an 
extra effort of the cooling system for cooling, but in the rest of the day the cooling system operates at lower capacity 
due to the phase changing cycle. 
 
Fig.3. The variation of the cooling thermal loads with and without PCM for the whole building (11th July) 
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Figure 4 presents the variation of the winter heating loads during a day from the typical winter week (15th 
December, chosen by the simulation software) for the thermal zone Living room + Kitchen. It can be observed that 
using phase changing materials, the peak loads are ameliorated and the variations are smaller. Furthermore the 
thermal loads are lower when using PCM’s. This is due to PCM’s thermal storage capacity, which accumulates the 
heat and releases it progressively into the interior environment. 
 
Fig. 4. The variation of the heating thermal loads with and without PCM in living room + kitchen (15th December) 
Figure 5 highlights the monthly energy consumptions for cooling the whole house for both cases, with and 
without PCM. It can be observed that the impact of phase changing materials on reducing energy consumption for 
cooling is higher especially during transition periods (e.g. for May – the energy consumption is reduced by 62.8%, 
for June 24.6%, for July 7.6%, for August 7% and for September 25.1 %). As concerns the use of phase changing 
materials in winter period, the impact on reducing energy consumption for heating is higher in the warmer winter 
months (e.g. October 8.2%) and during the coldest periods (e.g. January 1.3%). In the remaining months the impact 
of the phase changing materials is negligible due to external environmental conditions and variable operating 
scenarios: functioning, ventilation, internal gains and occupancy. 
 
 
Fig. 5. Comparison between energy consumptions for cooling the house with/without PCM 
In one year the energy consumption for cooling is reduced by 16.72% for entire building. Also it was observed 
that the impact of the phase changing materials on the cooling energy consumption is higher in living room (33.3%), 
unlike bedrooms (7% for the master bedroom or 4.6% for the children bedroom) due to higher rates of night 
ventilation (in living room) and due to different occupancy scenarios: the living room is not occupied overnight and 
the bedrooms are occupied in this period (see Figure 6).  
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Fig. 6. Comparison between annual energy consumption for cooling for each zone with / without PCM 
During a year the impact of phase changing materials on energy consumptions for heating is not significant. This 
is because of different occupancy scenarios, operations and internal heat gains and also because of the Bucharest 
climate. It can be observed from Figure 7 that for the zone Living room + Kitchen, the energy consumption are 
reduced by approximately 12.2 % due to small heat losses (related to total area) and due to the higher internal heat 
gains, because phase changing materials favors the heat retention (unlike bedrooms, lobby etc.). Also it can be 
observed that in the lobby, the energy consumption for heating is by 32% higher due to northern exposure and due 
to negligible internal heat gains. 
 
 
Fig. 7. Comparison between annual energy consumption for heating for each zone with / without PCM 
In Table 4 it can be observed the energy consumptions for heating and cooling for different wall structures of the 
house, in case of using different types of phase changing materials (with different phase changing temperatures and 
different latent heat storage capacity). 
It can be observed that using phase changing materials type M27/Q23 (85 Wh/m2 and phase changing 
temperature of 23°C), similar as proprieties with those used in the house prototype, we have a reduction of the 
energy consumption for cooling by 16.72% and in the case of energy consumptions for heating, their impact is 
negligible. This is because EFdeN prototype is energy-efficient building, with very well defined operating, 
ventilation and occupancy scenarios and the effect of PCM is diminished during winter. 
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Table 4. Dashboard with various packages and solutions for EFdeN prototype 
Solutions/packages 
Energy 
consumption 
for heating 
Energy 
consumption 
for cooling 
Energy 
savings for 
heating 
Energy 
savings for 
cooling 
Relative energy 
savings for 
heating 
Relative energy 
savings for 
cooling 
[kWh/an] [kWh/an] [kWh/an] [kWh/an] [%] [%] 
1. EFdeN prototype without PCM 1866.30 712.20 0.00 0.00 0.00 0.00 
2. EFdeN prototype with PCM 
M27/Q23 in exterior and interior walls 
1878.60 593.10 -12.30 119.10 -0.66 16.72 
3. EFdeN prototype with PCM 
M27/Q25 in exterior and interior walls 
1909.80 553.90 -43.50 158.30 -2.33 22.23 
4. EFdeN prototype with PCM 
M27/Q27 in exterior and interior walls 
1920.00 834.00 -53.70 -121.80 -2.88 -17.10 
5. EFdeN prototype with PCM 
M51/Q23 in exterior and interior walls 
1833.00 497.36 33.30 214.84 1.78 30.17 
6. EFdeN prototype with PCM 
M91/Q23 in exterior and interior walls 
1769.54 436.07 96.76 276.13 5.18 38.77 
7. EFdeN prototype with PCM 
M182/Q23 in exterior and interior 
walls 
1668.97 367.24 197.33 344.96 10.57 48.44 
In cases 3 and 4 were used the phase changing materials types M27/Q25 and M27/Q27 implemented in the 
exterior and interior walls, with the phase changing temperatures at 25°C and 27°C. It can be noticed that in case of 
using M27/Q25 type, the energy consumption for cooling decreased by 22.23% due to the phase change temperature 
which is closer to the indoor temperature set-point for summer situation. Also it can be observed that when using 
M27/Q27, the material acts as an insulator (and thermal mass) in summer period and accumulates heat, which 
increases the energy consumption by 17.1% because the PCM fails, in this case, to perform the phase changing 
cycle. For cases 5, 6 and 7 were used the phase changing materials types M51/Q23, M91/Q23 and M182/Q23 
implemented in exterior and interior walls, with phase changing temperature at 23°C, but with higher latent heat 
storage capacity (160.9 Wh/m2, 287.1 Wh/m2 and 574.1 Wh/m2). It can be observed that if the phase changing 
materials are becoming more and more efficient in terms of latent heat storage capacity, the energy consumptions 
for heating and cooling are decreasing up to 10.57% for heating and 48.44% for cooling. Also, in these cases it is 
possible that the rate of night ventilation, in order to perform the phase changing cycle, needs to be increased. 
3. Conclusions 
Following the analysis performed it can be concluded that in case of energy-efficient buildings, the 
implementation of phase changing materials has a reduced impact on the global energy consumptions because of the 
superior qualities of the building envelope and because of the well-defined operational scenarios. However, their 
impact is considerably reflected in reducing energy consumptions for cooling and in order to improve the 
temperature variations and thermal loads variations (e.g. peak loads). The quantity of PCM implemented and the 
operation, occupancy, internal gains and ventilation scenarios are essential. The phase changing materials effect is 
significant in the transition periods and when the external temperature variations are not so important. Furthermore, 
the impact of the PCM is important if the building is ventilated properly (mechanical, natural and night ventilation) 
in order to perform the phase changing cycle and if the operation, occupancy and ventilation scenarios are as 
constant as possible. In the case of EFdeN project, the cooling energy reduction was around 16.72%. It was also 
concluded that a material with a phase change temperature around 25°C would perform better and the energy 
 Andrei–Stelian Bejan and Tiberiu Catalina /  Energy Procedia  85 (2016)  52 – 59 59
savings could reach up to 22.23%. The best solution was found to be a PCM with a heat storage of 574.1 Wh/m2 
that has a real important impact on energy reduction: cooling 48% and heating 11%.  
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